The transcript abundances of nitrate transporter genes (Nrt2) were proposed as potential markers for nitrogen deficiency in marine diatoms. To correctly quantify diatom Nrt2 mRNA in the East China Sea (ECS), we utilized both mixed-species sequencing and single-cell PCR to expand the sequence database for this region. Using the single-cell method of PCR, 9 new diatom Nrt2 sequences belonging to 5 genera, the Nrt2 sequences of which have never been reported before, were obtained. On the other hand, 291 sequences homologous to Nrt2 were retrieved from mixed-species sequencing using degenerate primers, and these sequences were clustered into 12 major groups according to a phylogenetic analysis. Based on sequence alignments, 11 pairs of group-specific PCR primers were designed to detect Nrt2 mRNA levels in the ECS, and 3 of these primer pairs showed high specificity to target species. In ECS phytoplankton samples, environmental RNA was amplified via antisense RNA amplification followed by cDNA production. Subsequently, Nrt2 transcript levels were readily detected using quantitative PCR. Our results indicated that investigating sequence diversity followed by careful primer design and evaluation is a good strategy to quantify the expression of genes of ecologically important phytoplankton.
Marine phytoplankton are responsible for more than 45% of the photosynthetic primary production on earth (16) , and a proper supply of inorganic nutrients is essential for their growth. In many locations, nutrients are believed to be the major factor controlling phytoplankton distribution and proliferation. As a result, the development of a simple, accurate method to determine the nutrient-related physiological status has always been an active research topic in the study of phytoplankton ecology.
Among various nutrients, nitrogen is the macronutrient frequently mentioned to limit phytoplankton growth in the ocean (24) . Recently, a group of nitrate transporter genes (Nrt2) was proposed as a potential marker for evaluating nitrogen deficiencies in eukaryotic phytoplankton (23, 26, 27) . Nrt2 genes encode high-affinity nitrate transporters, which are considered the primary transporter system responsible for nitrate uptake (23, 26, 27, 43) . In addition, genes homologous to Nrt2 were widely identified in bacteria, fungi, algae, and higher plants (for recent reviews, see references 12, 18, and 42) . In most marine eukaryotic algae studied, Nrt2 transcript levels are repressed in the presence of ammonium, moderately expressed under a nitrate-sufficient condition, and highly expressed under a nitrogen-deprived condition (26, 43) . Also, the maximum and minimum transcript levels can be achieved by artificial removal and addition of nitrogenous nutrients, which is helpful in interpreting the physiological state of the original cell population (27) .
To detect Nrt2 expression in natural assemblages of phytoplankton, it is first necessary to construct a database so that highly efficient probes or primers can be designed. One approach is the use of universal primers/probes that target conserved regions of the Nrt2 gene. However, data interpretation can become complicated because nitrogen requirements vary among phytoplankton species (13, 35, 36) , which implies substantial variations in Nrt2 expression as well. Another approach is to design species-or genus-specific primers/probes using genetically divergent regions. Data interpretation with this approach is straightforward and allows one to focus on ecologically important species. For example, coastal upwelling systems containing high concentrations of nutrients usually lead to a phytoplankton community dominated by a limited number of diatom species (9, 32, 49) . Nrt2 primers and probes targeting these diatoms can be used to elucidate how nitrogen utilization influences bloom formation and its spatial distribution.
There are several strategies for constructing a sequence database of marker genes. Some studies mainly constructed sequence databases from cultivated strains such as the nitrate reductase (NR) database (2) . This strategy generates sequences with well-defined taxonomical associations, but the number of cultivable strains is very limited compared to the number of species in the ocean. On the other hand, mixedspecies sequencing from field samples with degenerate primers results in highly diverse sequences but often contains unidentified clades with no particular affinity to any known species (1, 2) . Single-cell PCR was proposed to be a complementary tool to obtain sequences from uncultivable protists that can be morphologically identified (14, 20, 37) . Similar techniques are widely applied to genetic diagnosis and molecular differentiation in medical research (20, 21) . Its applications to phytoplankton mainly focused on identifying marine dinoflagellates based on single-cell rRNA gene sequences (15, 22, 29, 30, 44) .
In this study, we utilized both mixed-species sequencing and single-cell PCR methods to obtain Nrt2 sequences from numerous diatom species in field samples. Subsequently, singlecell sequences were combined with known Nrt2 sequences in GenBank, and the combined set was used to sort sequences of unknown taxonomical association from the southern East China Sea (ECS). On the basis of the alignment of these sequences, 11 sets of specific primers were designed, and their specificity and efficiency were evaluated. Our results indicated that such designed primers can reliably detect diatom Nrt2 transcript levels in natural assemblages.
MATERIALS AND METHODS
Culture conditions. Two diatom cultures, Chaetoceros affinis CCMP 160 and Thalassiosira oceanica CCMP 1003, were obtained from the Provasoli-Guillard National Center for Culture of Marine Phytoplankton (West Boothbay Harbor, ME). The unialgal culture of Tetraselmis chui clone TA was provided by H.-M. Su of the Tungkang Marine Laboratory, Pingtung, Taiwan (10) . All cultures were grown at 20°C in f/2 enriched seawater medium (19a) under continuous illumination with an intensity of 145 E m Ϫ2 s
Ϫ1
. Aeration was not provided, but cultures were gently swirled daily to increase gas exchange.
Cruises and sampling. Two research cruises were conducted in the East China Sea (ECS) in the summer of 2007 on board the R/V Ocean Researcher II. The first cruise was conducted on July 9 and 10, and the second cruise was on September 1 to 3. Sampling was performed at 6 stations along a cross-shelf cruise track from the mid-shelf to the Kuroshio Current (Fig. 1) . A detailed description of the hydrographic characteristics and nutrient concentrations can be found in reference 34. Phytoplankton samples were collected with a 20-m-mesh plankton net with a mouth diameter of 0.5 m. At each station, an oblique tow was performed from a depth of 5 m for 10 min with the ship speed set at 1 knot. After the net tow, 2 subsamples were removed from the receiving bottle (cod end). One subsample was preserved with acidic Lugol's solution and stored at 4°C for microscopic examination. The other subsample was fixed in ethanol, replaced with fresh ethanol after 24 h, and then stored at Ϫ20°C until single-cell isolation. Phytoplankton remaining in the receiving bottle were collected with a 20-mmesh screen, transferred to cryotubes, and stored in liquid nitrogen for RNA and DNA isolation.
Total RNA and genomic DNA isolation. Samples frozen in liquid nitrogen were thawed by adding RLT buffer (Qiagen, Valencia, CA) with 1% ␤-mercaptoethanol (Sigma-Aldrich, St. Louis, MO), and then homogenized by supersonic disruption (sonicator ultrasonic processor XL; Heat System Ultrasonics, Farmingdale, NY). Total RNA was isolated using an RNeasy plant minikit (Qiagen) according to the manufacturer's instructions. The RNase-free DNase I set (Qiagen) was applied for on-column digestion of residual DNA during RNA purification. The extracted RNA was eluted in diethyl pyrocarbonate-treated water. On the other hand, some frozen samples were used to extract genomic DNA using the phenol-chloroform method with the addition of cetyltrimethylammonium bromide (11) . The concentrations of RNA and DNA were determined with a spectrophotometer (ND-1000; NanoDrop Technologies, Wilmington, DE) at wavelengths of 260 and 280 nm.
Single-cell isolation and DNA extraction. Before isolation, phytoplankton in ethanol-fixed samples were transferred to Tris-EDTA (TE) buffer with 1 wash via centrifugation at 3,000 ϫ g for 5 min. Diatom cells of interest were captured using an inverted microscope (IX51; Olympus, Tokyo, Japan) equipped with a microinjector attached to a micromanipulator (IM-9B; Narishige, Tokyo, Japan). Captured cells were washed several times with sterile TE buffer on a clean microscope slide to remove contaminants. Then, photographs were taken for species identification at a later time. Individual diatom cells were placed in 200-l thin-walled PCR tubes containing 10 l of TE buffer. DNA was extracted according to the enzymatic DNA extraction method with the addition of proteinase K (29, 31) .
PCR amplification and DNA sequencing. Degenerate primers for amplifying Nrt2, 18S rRNA, and rbcL genes were designed from the conserved regions of homologous amino acid sequences in cyanobacteria, algae, and higher plants (Table l) . Nested PCRs were performed with NrtF2 and NrtR7 primers in the first round and NrtF2 and NrtR5 primers in the second round. For sequencing Nrt2 genes from ECS stations, 0.5 g of total genomic DNA extracted from samples of water taken from individual stations was used as the template for the PCR. The PCR products were purified from a low-melting-point agarose gel and cloned into pGEM-T vectors (Promega, Madison, WI). DNA sequencing of the cloned fragments was performed using an ABI Prism 377A DNA sequencer with a PRISM Ready Reaction BigDye termination cycle sequencing kit (Applied Biosystems, Foster City, CA). In order to obtain gene fragments in a single cell, all crude lysates were used in the PCR. In addition, due to the minute amount of DNA extracted from a single cell, the product of the first-round PCR for Nrt2 was used as the template to amplify 18S rRNA and rbcL gene fragments from the same cell. 18S rRNA gene fragments were amplified using primers 18S5N and 18S3C, and rbcL fragments were amplified by nested PCR using primers rbcLF1 and rbcLR1b in the first round and primers rbcLF2 and rbcLR1 in the second round ( Table 1 ). The PCR products were purified, cloned, and sequenced as described above.
Phylogenetic tree construction. DNA sequences of Nrt2 genes were translated to deduced amino acid sequences using DNAstar software (Lasergene, Madison, WI). The amino acid sequences were aligned using ClustalW (45) , and highly fragmented regions were manually edited with the Bioedit sequence alignment editor version 5.0.9 (Department of Microbiology, North Carolina State University, Raleigh, NC) (28) . The resultant alignment files were used to construct phylogenetic trees using the PHYLIP software (the PHYLogency Inference Package [http://evolution.genetics.washington.edu/phylip.html]). Pairwise distances were calculated using the Kimura formula in the PROTDIST program, and neighbor-joining trees were generated with the NEIGHBOR program. Bootstrap values were obtained with 1,000 bootstrap replicates to estimate the degree of confidence.
aRNA amplification and real-time Q-RT-PCR. Total RNA (1.0 g) extracted from ECS samples was amplified using a MessageAmpII aRNA amplification kit (Ambion, Austin, TX) following the manufacturer's instructions. After amplification, 1.0 g of antisense RNA (aRNA) was reverse transcribed into cDNA using random hexamers (Promega) and ImpromII reverse transcriptase (Promega) at 25°C for 10 min and 55°C for 1 h. Quantitative PCRs were initiated by adding the cDNA into a mixture containing 1ϫ SYBR green PCR master mix (Applied Biosystems) and 300 nM concentrations of the forward and reverse primers (Table 1 ). In total, 11 sets of specific primers were designed for various diatom species in divergent regions of aligned Nrt2 sequences, and each primer possessed at least 4 mismatched nucleotide differences from other Nrt2 sequences. The reactions were then carried out in a GeneAmp 7000 sequence detection system (Applied Biosystems). PCR settings were 95°C for 10 min followed by 40 cycles, with 1 cycle consisting of 15 s at 95°C and 1 min at 60°C for 1 min. The fluorescence intensity from the complex formed by SYBR green and the double-stranded PCR product was continuously monitored from cycles 1 to 40. The threshold cycle (C T ) at which the fluorescence intensity became higher than a preset threshold was used to compare gene transcript levels. Since PCR quantifications using different primer sets were carried out with equal amounts of cDNA from the same aRNA sample, expression levels between Nrt2 homologs were compared by the comparative C T method according to the manufacturer's instructions (4) . Each quantitative reverse transcription-PCR (Q-RT-PCR) was performed in triplicate to enable the calculation of a coefficient of variation. The specificity of the Q-RT-PCR products was confirmed by a melting temperature analysis performed on the GeneAMP 7000 machine (Applied Biosystems) from 65 to 95°C for 20 min, and it was also examined by electrophoresis on 3% agarose gels containing 0.5ϫ Tris-boric acid-EDTA buffer. Phytoplankton identification and enumeration. Samples preserved in Lugol's solution were placed in Sedgewick-Rafter counting slides (Hausser Scientific, Horsham, PA) and examined with a Nikon Optiphot-2 microscope at a magnification of ϫ100. All cells of the entire counting slide were examined and enumerated. If there were fewer than 200 cells on a counting slide, additional counting slides were prepared from the same sample and examined similarly to obtain statistically meaningful results.
Nucleotide sequence accession numbers. The sequences obtained in this study were deposited in GenBank under the accession numbers HM347518 to HM347564.
RESULTS
Nrt2 sequences from the single-cell PCR. With the help of a micromanipulator, 69 diatom colonies were isolated from samples from the East China Sea (ECS) and then 14 DNA fragments homologous to Nrt2 genes (named ECS_Sp01 [Sp01] to ECS_Sp14 [Sp14]) were obtained by single-cell PCR. In addition to morphological identification, taxonomical affiliations of these colonies were further confirmed by 18S rRNA and rbcL gene sequences amplified from the same colony (Table 2 ). In agreement with the morphological identification, 18S rRNA gene sequences of Sp01 and Sp02 were 94% identical to that of Lauderia annulate, and the rbcL sequence of Sp01 was 97% identical to that of L. annulate. Sp03 and Sp04 were morphologically identified as 2 species of Chaetoceros, and their 18S rRNA gene sequences were highly similar to those of different Chaetoceros spp. (Table 2) . Sp05, Sp06, and Sp07 were morphologically identified as Thalassionema, Rhizosolenia, and Odontella, respectively, and their rbcL sequences supported these results. Similar results were observed for Sp08 and Sp09, which were identified as Coscinodiscus by both methods. In contrast, the taxonomical associations of Sp10 to Sp14 were less clear. Sp10 was morphologically identified as Guinardia, but its 18S rRNA gene sequence did not match the known sequence of Guinardia delicatula well (73% identity; GenBank accession no. AY485487). Sp11 and Sp12 were identified as Pseudonitzschia and Asterolampra, respectively, by microscopic examination, but efforts to obtain 18S rRNA and rbcL gene sequences were unsuccessful (Table 2) . Finally, Sp13 and Sp14 were small, short cylindrical cells with no obvious morphological characteristics for identification, and their 18S rRNA and rbcL gene sequences did not match any known sequences.
In order to properly categorize ECS Nrt2 sequences obtained from environmental DNA samples, a reference tree was first constructed based on single-cell sequences with affirmative identification (ECS_Sp01 to -Sp09) and other Nrt2-homologous sequences from cyanobacteria, eukaryotic algae, and higher plants (Fig. 2) . All sequences were translated into amino acid sequences before alignment, and the results indicated that NRT2 sequences belonging to cyanobacteria, haptophytes, chlorophytes, and diatoms formed 4 distinctive clades at the phylum level. In the diatom clade, multiple copies of Nrt2 genes within the same species formed clusters with significant bootstrap support except for 4 sequences found in Chaetoceros affinis, Chaetoceros muellerii, Phaeodactylum tricornutum, and Thalassiosira pseudonana. At the genus level, however, genes from certain genera, such as Chaetoceros and Thalassiosira, were grouped together but without strong bootstrap support (Ͻ60%). Only the clade containing Thalassiosira pseudonana Nrt2 and Thalassiosira weissflogii Nrt2 genes was supported by bootstrap analysis (79%). These results indicated that the cluster boundary between genera was not always clear in this Nrt2 phylogenetic tree.
Nrt2 sequence diversity in the ECS. In total, 291 gene fragments homologous to Nrt2 were obtained from genomic DNA extracted from samples from the ECS. These gene fragments were easily identified as algal Nrt2 without conspicuous intron regions. Only 4 fragments were found to contain a short span of intron sequences, and the intron boundaries matched the consensus intron sequences in diatoms (5). The taxonomical affiliations of ECS NRT2 sequences were determined by comparing them to sequences in the reference tree. According to the results of phylogenetic analysis, sequences located in the same clade and sharing more than 95% identities were collected as individual groups. The 291 ECS sequences were thus categorized into 12 groups called ECS_group01 to ECS_group12 (Fig. 3) . Of the 12 groups, 10 groups were apparently composed of diatom NRT2 sequences. The other 2 groups, ECS_group11 and ECS_group12, occupied a branch between diatoms and haptophytes, and their taxonomical affiliations require further clarification. Within the diatom branch, some groups showed high similarities with known NRT2 sequences, and those relationships were supported by bootstrap values (Ͼ60%). For example, ECS_group04 very likely contained NRT2 sequences belonging to Skeletonema spp., and ECS_ group05 very likely contained sequences belonging to Cylindrotheca spp. (Fig. 3) . The same conclusion could not be extended to other groups, such as ECS_group02 or ECS_ group03, because of weak support from bootstrapping. Therefore, these uncertain groups were temporarily named genuslike according to the most similar genus in the phylogenetic tree.
A systematic, cross-shelf change was observed in the relative dominances of individual Nrt2 groups (Table 3) . In September 2007, group04 (Skeletonema) and group07 (Coscinodiscus-like) Nrt2 sequences dominated the genomic DNA pool in the upwelling region (stations 9 to 11) but were replaced by group08 (Phaeodactylum-like), group10 (Pseudonitzschia-like), and group12 Nrt2 sequences in the Kuroshio region (stations 12 to 14). However, the distribution pattern was not consistent with the species composition determined by microscopic examination. Diatom abundances were relatively high in the upwelling region, and the dominant species were Chaetoceros, Rhizosolenia, and Pseudonitzschia. The abundances of these species gradually decreased toward the Kuroshio region, and the dominant species were replaced by Bacteriastrum and Hemiaulus.
Detection of group-specific Nrt2 transcript levels. According to the alignment of Nrt2 sequences, 11 sets of group-specific primers were designed. Nrt2 transcript levels were detected using Q-RT-PCR with amplified aRNA from different ECS stations as the templates. Electrophoretic analysis of the Q-RT-PCR products showed that amplicons generated by primers specific for group04 (Skeletonema), group10 (Pseudonitzschia-like), and group01 (Chaetoceros) formed single bands with the expected sizes (Fig. 4A) . The single-peak melting curves also demonstrated the purity and specificity of these amplicons (Fig. 4B) . In addition, these primers readily detected Nrt2 transcripts in a separate cruise (station 11 in July 2007). In contrast, the other 8 primer pairs generated either multiple bands or diffuse bands (Fig. 4) and were apparently not suitable for Q-RT-PCR assays in the ECS.
Using the 3 primer pairs with good specificities, quantitative relationships of Nrt2 mRNA between diatom groups were determined in the ECS (Fig. 5) . In September 2007 at station 9, the C T values of the Skeletonema group and the Pseudonitzschia-like group were 32.5 and 39.0, respectively. Although a C T at 39.0 approaches the detection limit of Q-RT-PCR, the difference still indicated that the Nrt2 transcript level of the Skeletonema group was substantially higher than that of the Pseudonitzschia-like group. Similarly, the Chaetoceros group possessed the highest Nrt2 transcript level at station 13 in September, and both the Pseudonitzschia-like and Chaetoceros groups were major contributors to Nrt2 transcripts at station 11 in July (Fig. 5) . 
DISCUSSION
The single-cell PCR is an effective method to expand the sequence database of functional genes in natural assemblages of phytoplankton. The ability to obtain rRNA and rbcL gene sequences from the same tube of cell lysates is also very powerful to confirm the taxonomical affiliation of target cells. This is especially true for species that lack clear morphological characteristics for identification. In this study, we obtained 9 new diatom Nrt2 sequences with affirmative taxonomical affiliations (Table 2) , including the Nrt2 sequences of 5 genera that had never previously been reported. These single-cell sequences contributed more than 30% to diatom Nrt2 sequences used in the reference phylogenetic tree (Fig. 3) , which are essential to an appropriate categorization of the sequences from the ECS environmental DNA samples.
In the reference phylogenetic tree of Nrt2, sequences were categorized into distinctive branches only at the phylum level (Fig. 2) . Within diatoms, although sequences belonging to the same species often appeared on the same branch, the boundaries between genera were not always clear. This was in part due to the fact that a species might possess multiple forms of Nrt2 (6) . With more orthologs and paralogs continuously being created over time, the phylogenetic tree of Nrt2 is not necessarily identical to that of a more-conserved gene such as that for 18S rRNA. A similar phenomenon was also observed in the phylogenetic analysis of diatom silicon transporters (3). On the bright side, such heterogeneity in Nrt2 sequences within the same genus provides ample opportunities for the design of group-specific primers.
The cross-shelf distributions of Nrt2 sequences were not consistent with the diatom species composition based on microscopic examination (Table 3) , which indicates preferential amplification of some species while others were ignored. For example, Eucampia and Hemiaulus were common in our samples, but single-cell PCR failed to generate any Nrt2 sequence from these species. Similar biases were observed in an analysis of ribosomal genes (17) . Even when "universal" primers are used, the PCR results might still be incomplete and not include all sequences in a community (7) . In this study, Nrt2 sequences obtained from the ECS might have disproportionately come from a subset of species that are closely related to those used in the primer design, including Cylindrotheca, Skeletonema, and Thalassiosira. A more-thorough coverage of Nrt2 sequences in marine environments will rely on certain primer-free methods such as metagenomic sequencing (40) .
In order to ensure specificity, the group-specific Nrt2 primers were placed in divergent regions as revealed by sequence alignments. Each group-specific primer possessed at least 4 mismatched nucleotides compared to homologous sequences belonging to other groups, and a single mismatch on the 3Ј end was added to further reduce the between-group PCR amplification (8, 19, 33) . For example, in the 29 Nrt2 sequences contained in ECS_group04, 22 sequences exactly matched the group04 forward primer in the annealing region, such as ST10N043 and ST10N123 (Fig. 6) . The other 7 sequences possessed 1 or 2 internal mismatches in the annealing region, such as ST10N123 (Fig. 6 ). On average, sequence identity in the annealing region between group04 Nrt2 sequences and their corresponding primers reached 0.99. In contrast, the average identity between group04 primers and other nongroup04 sequences dramatically decreased to 0.44, which explained the good performance of this primer pair. In this report, an SYBR green-based assay was used to quantify Nrt2 mRNA in diatoms. Highly specific primers were designed to detect gene expression in a particular group of organisms. A somewhat different approach was adopted to quantify rbcL mRNA levels in diatoms and pelagophytes (25, 48) . In this alternative approach, degenerate primers were used to amplify rbcL cDNA from a broad array of phytoplankton, including diatoms, pelagophytes, haptophytes, dinoflagellates, etc. Next, rbcL mRNA in target species was quantified by a The percentage of homologs from samples taken from stations (St.) 9 to 14 belonging to a certain diatom group using total Nrt2 homologs obtained from mixed-species sequencing as the basis of normalization. n is the total number of Nrt2 sequences obtained at each station.
b Diatom relative abundance is expressed as the percentage of diatom cells belonging to a certain taxonomical group based on microscopic observation. n is the number of diatom cells ml Ϫ1 in net-collected samples at each station. c Species or group from which the Nrt2 sequences were obtained. applying group-specific TaqMan probes. An advantage of the TaqMan probe-based assay is that rbcL sequences from a spectrum of phytoplankton species can be simultaneously amplified from environmental mRNA. Difficulties associated with this approach include the possibility that an overdominant template in mixed assemblages may repress the amplification of minor templates (48) . Cross-specificity between unrelated taxonomical groups was also observed such as between diatoms and pelagophytes (25) . In comparison, using highly specific primers, our SYBR green-based assay quantified mRNA abundances at a more-focused genus-to-family level. However, sensitivity can be a problem because each pair of primers targets only a very small subset of total mRNA in environmental samples.
In order to analyze the transcript abundance from a small number of templates, amplification through the production of aRNA (aRNA amplification) is a commonly used technique (for reviews, see references 38 and 46). Since the aRNA method can maintain the relative levels of constituent mRNAs faithfully (39, 47) , transcript levels quantified by various groupspecific primer sets should be comparable within the same sample, since equal amounts of cDNA from the same batch of aRNA were used as the template (Fig. 5) . However, comparisons of the levels of expression between different stations or cruises require the aid of reference genes, such as the histone H4 gene (41) . If one of these genes is selected for the ECS study, its sequence diversity, target specificity, and amplification efficiency should be tested in a manner similar to the way Nrt2 was tested. Normalization of Nrt2 mRNA against the transcript level of a reference gene is necessary to clarify whether an increased transcript level is a result of elevated abundance of a target species or an actively expressed gene under nitrogen stress.
In conclusion, our results indicated that a survey of diatom Nrt2 homologs combined with a single-cell PCR can be used to design group-specific primers to detect mRNA levels at the genus-to-family level. After proper RNA amplification, the Nrt2 transcript levels of a group of closely related species can be detected in environmental samples by Q-RT-PCR. To make transcript levels from different samples comparable, a reference gene should be selected in the future. In addition, the concerns about multiple Nrt2 homologs in each species and species-unique ranges of gene expression can be solved by parallel incubations with ammonium addition and N deprivation (26, 27) . Through this strategy, transcript levels can be used as indicators for the physiological state of eukaryotic phytoplankton in marine environments.
